In summary, subacute left stellectomy significantly reduces the incidence of ventricular fibrillation occurring within 1 hour of the onset of acute posterolateral ischemia at a distance to a previous myocardial infarction in conscious dogs, and tends to reduce the ischemic post-infarction mortality at 24 hours after the 
Introduction
The sympathetic nervous system is reported to play an important role in the genesis of malignant ventricular arrhythmias [l-4] [lO,ll] . To date, no study has assessed the relationship between the electrophysiologic effects of left stellectomy and how they might relate to the antifibrillatory actions of left stellectomy in a conscious animal preparation.
The series of experiments presented in this investigation attempt to expand upon the previous observations made by Schwartz et al. [lO,ll] . The electrophysiologic actions and antiarrhythmic efficacy of subacute, rather than chronic, left stellectomy are assessed in a conscious post-infarction canine model of ischemic ventricular fibrillation. This study addresses whether the actions of subacute left stellectomy are related to regional myocardial denervation as assessed by depletion of myocardial catecholamine stores. The conscious post-infarction dog model used in the present evaluation has been shown to display a strong positive correlation between susceptibility to programmed ventricular stimulation-induced ventricular tachycardia and vulnerability to subsequent ischemic ventricular fibrillation, thus permitting the identification of post-infarction preparations at "high risk" toward lethal ischemic arrhythmias for this study [12] . This preparation has been used extensively by this laboratory for the characterization and identification of potentially efficacious antifibrillatory interventions in the post-infarction setting [13] . cannulae were passed subcutaneously to the back of the neck and exited through a small stab wound. Then a thoracotomy was performed in the left fourth intercostal space using blunt dissection. The heart was suspended in a pericardial cradle (Fig. 1) . The mid left anterior descending artery was isolated and partially occluded with a critical stenosis as previously described [12, 14] . The artery then was occluded using a snare formed from a loop of silastic tubing passed through a polyethylene tube. Perfusion through the left anterior descending coronary artery was restored after 2 hours of occlusion.
Methods

Male
A bipolar pacing electrode (1 mm diameter silver wire, 3 mm apart) was sutured to the surface of the left atria1 appendage.
A bipolar plunge electrode (25 gauge insulated stainless steel wire, 5 mm in length, 2 mm apart) was secured in the interventricular septum at the right ventricular outflow tract.
The proximal left circumflex coronary artery was isolated using blunt dissection. The bared tip of a 30 gauge Teflon coated silver wire was inserted into the lumen of the left circumflex coronary artery. The wire then was secured to the epicardium with 3 sutures. Then the left stellate ganglion ansa subclavia and the rami communicantes from Tl to T4 of the sympathetic chain were identified. Using a technique described by Schwartz and Stone [lo] , suture snares were positioned carefully around the caudal portion of the ganglion near the point where T2 ramus enters the sympathetic chain and around the ansa subclavia at the cranial portion of the ganglion. All wires and stellate sutures were exteriorized carefully. The chest was closed in layers. Silver disc electrodes then were implanted subcutaneously for electrocardiographic monitoring.
The surgical incisions were closed and the animals allowed to convalesce.
Pre-and post-operative animal care was in strict accordance with "The Guide for the Care by the placement of and subsequent pulling of the sutures around the ganglia. In the second group, sutures were placed loosely around the ganglia, but were not otherwise manipulated.
One week post left stellectomy, dogs were anesthetized with Dial-Urethane solution (10% allobarbital, 40% monoethyl urea, 40% urethane; 0.6 ml/kg i.v.) and were ventilated as described above, After a repeat left thoracotomy, the hearts were excised during supramaximal stimulation of the right vagus nerve (4 msec pulse duration, 40 Hz, 1.5 X threshold voltage) to cause sinus arrest, thereby minimizing the efflux of catecholamines from tissue stores during this procedure.
After excision of the heart, transverse sections of tissue were made rapidly along the apex-base axis. A transverse section of the heart from the mid left ventricle containing prominent anterior and posterior papillary muscles which could be used as orientation markers was chosen for tissue sampling. From this section, transmural ventricular myocardial samples of approximately 1 g each were labelled and frozen rapidly in liquid nitrogen after excision from the following regions of the ventricle:
(1) anterior, (2) anterolateral, (3) posterolateral, (4) posterior, (5) posteroseptal, and (6) anteroseptal.
Frozen tissue samples were weighed and then placed individually in 0.3 N perchloric acid (10 ml of perchloric acid/l.0 g of tissue) for thawing and for homogenization using a tissue homogenizer.
The homogenate was centrifuged for 20 min at 20,000 X g (4 o C). The left stellate ganglion was isolated. Bipolar pacing electrodes were positioned on the left sympathetic chain just caudal to the T2 ramus. Heart rate, mean arterial pressure and isometric force of contraction were measured at baseline and during incremental sympathetic chain stimulation (1, 2, 4 then 8 Hz, 2 msec pulse width) both before and 30 to 60 min after the left stellate was sectioned at the level of the ansa subclavia and at the junction of the T2 ramus. The preparations also were challenged with tyramine (25 pg/kg, i.v.) pre and post stellectomy. 
Statistical analysis
For all evaluations
Results
Electrophysiologic effects of subacute left stellectomy in conscious, post-infarction dogs
Twenty-two post-infarction dogs underwent electrophysiologic testing both before and 5-7 days post left stellectomy (n = 12) or sham denervation (n = 10). The electrocardiographic and electrophysiologic effects of left stellectomy are summarized in Table 1 Both QTc and paced QT intervals were shortened significantly after left stellectomy (292 t_ 9 vs 262 f 6 msec; P < 0.01) and (206 + 5 vs 189 k 5 msec; P < 0.01). respectively. In sham controls, similar significant reductions in QTc and paced QT intervals were seen (314 + 10 vs 287 ) 9 msec; P < 0.001) and (211 f 9 vs 193 f 5 msec; P < 0.05). duced in conscious post-infarction dogs by electrically-induced thrombosis produced by delivering a continuous 150 PA anodal current via the previously positioned electrode in the proximal left circumflex coronary artery (Fig. 1) . Fig. 4 depicts survival for the left stellectomy and sham dogs in the 24-hour period after the onset of posterolateral ischemia. The incidence of ventricular fibrillation occuring within 1 hour after the onset of posterolateral ischemia (i.e. early ventricular fibrillation), was significantly lower after left stellectomy compared to sham-denervated controls (25% vs 80%, respectively; P < 0.008). Two late deaths occurred in the left stellectomy group. The resultant 24-hour survival for the left stellectomy group was 58% compared to 20% for sham-denervated controls (P = 0.072).
There was no statistically significant difference in the time to onset of posterolateral ischemia (245 t_ 45 vs 188 k 44 min), percent increase heart rate at onset of ischemia (12 f 4 vs 14 + 5%), left circumflex thrombus mass (14.0 k 7.5 vs 11.4 k 4.3 mg) or in the size of previous anterior wall myocardial infarct size (27.9 f 2.4 vs 28.4 + 1.7% of left ventricle) between the left stellectomy group and sham-denervated controls. respectively (Table  2 ). An accurate assessment of posterolateral infarction size using the TTC staining technique was limited by the duration of posterolateral ischemia. Posterolateral myocardial infarction sizes could not be determined in animals developing "early" ventricular fibrillation in response to acute posterolateral ischemia, due to the lack of time available for the development of histochemical or morphological evidence of cell death and tissue necrosis in the ischemic area [15, 16] . Eight sham controls and 3 left stellectomy dogs had early ventricular fibrillation with no detectable posterolateral infarction because the duration of ischemia was less than 1 hour.
Comparison of survivors versus nonsurvivors
Considering both treatment groups together, post-infarction dogs not surviving acute posterolateral ischemia had significantly longer QTc intervals than survivors (281 k 8 vs 262 k 7 msec; P -c 0.05). Heart rate during acute posterolateral ischemia tended to be higher in nonsurvivors than in survivors (152 + 7 vs 119 + 8 beats/mm; P < 0.01). Ventricular refractoriness, threshold voltage, and other electrocardiographic intervals did not differ significantly between survivors and nonsurvivors.
In post-infarction dogs with left stellectomy, there was no significant difference in resting heart rate, electrocardiographic intervals or ventricular electrophysiologic parameters in survivors compared to nonsurvivors.
Evidence for lack of regional myocardial denervation after subacute left stellectomy
Regional myocardial concentrations of norepinephrine were assayed to assess the extent of denervation 1 week after left stellectomy in 5 dogs compared to 5 sham-denervated controls. 
Effectiveness of left stellectomy technique
In anesthetized.
open chest post-infarction dogs. incremental left sympathetic chain electrical stimulation (1, 2, 4, 8 Hz; 2 msec duration) resulted in progressive augmentations of heart rate, mean arterial pressure and left ventricular force of contraction in the posterolateral region as displayed in Fig. 6 . After acute left stellectomy at the site utilized in the present study in conscious dogs, the inotropic, chronotropic and hemodynamic responses to left sympathetic chain stimulation were blunted.
Three dogs were challenged also with tyramine to assess the integrity of stored pools of neuronal norepinephrine. Prior to acute left stellectomy, tyramine challenge elicited a 38 k 2% increase in mean arterial pressure, an 18 + 1% increase in heart rate and a 27 + 12% increase in the force of left ventricular contraction. After acute left stellectomy, similar responses in heart rate, mean arterial pressure and force of contraction were observed during tyramine challenge, suggesting that regional myocardial norepinephrine concentrations were not altered by acute left stellectomy.
Discussion
The results of this investigation confirm and extend previous reports of the antifibrillatory efficacy of the modulation of cardiac sympathetic tone via left stellectomy.
This study demonstrates a significant reduction in the incidence of "early" ventricular fibrillation (i.e. ventricular fibrillation within 1 hour of the onset of ischemia)
in a conscious canine model of recent anterior myocardial infarction in response to acute posterolateral ischemia produced by electrically-induced thrombosis in the left circumflex coronary artery. These results support the findings of Schwartz et al. [lo] in a post-infarction canine model using 10 min balloon occlusion of the left circumflex artery to induce ischemia-related ventricular fibrillation. However, the present investigation demonstrates that the antifibrillatory actions of left stellectomy may not be sustained during a prolonged ischemic challenge. In the present model, "delayed" mortality, which occurred during 1 to 24 hours of posterolateral ischemia, was improved only to a level of borderline statistical significance by left stellectomy compared to control (P = 0.072). The reason for the discrepancy between early and delayed mortality in our model may be due to differing mechanisms of arrhythmogenesis during prolonged myocardial ischemia [18&20] . A bimodal occurrence of spontaneous ventricular arrhythmias has been described after coronary artery occlusion in dogs. "Early" ventricular arrhythmias tend to occur within the first 20 min of the onset of myocardial ischemia which are followed by "delayed" arrhythmias which typically develop 4 to 48 hours after the onset of acute coronary artery occlusion.
The electrophysiologic mechanisms of initiation and propagation of "early" ventricular arrhythmias may differ from "delayed" ventricular arrhythmias.
The results of this study suggest that subacute left stellectomy in a conscious, post-infarction preparation may be more effective against ventricular arrhythmias that occur during the "early" ischemic period.
The experimental model employed in this study is well established in arrhythmia research [13] In the present study, refractoriness was measured from an electrode positioned in the intraventricular septum near the right ventricular outflow tract. Other studies have shown left stellectomy-related changes in refractoriness measured from the right ventricular apex [9] or the posterior wall of the left ventricle [28] .
Left stellectomy does not appear to alter resting heart rate or electrocardiographic intervals. A significant reduction in the QT interval occurred after left stellectomy but a similar reduction over time was seen in the control population suggesting that the QT reduction was probably a manifestation of recovery from the anterior myocardial infarction rather than any direct effects of stellectomy.
When both left stellectomy and control groups are considered together, preparations that did not survive acute posterolateral ischemia had significantly longer QT intervals and greater degrees of sinus tachycardia at the onset of posterolateral ischemia than did survivors. These data obtained in a conscious canine preparation support previous reports that QT prolongation is a possible risk factor for sudden cardiac death in individuals with a previous anterior myocardial infarction [34] . Furthermore, several investigators have observed a relationship between heightened sympathetic neural activity, as expressed by elevated heart rate, and enhanced susceptibility to develop ventricular arrhythmias during myocardial ischemia [10, 35, 36] . In summaty, subacute left stellectomy reduces the incidence of ventricular fibrillation occurring early after the onset of ischemia in a conscious post-infarction canine model. This antiarrhythmic action of left stellectomy does not appear to be related to a measured electrophysiologic action or to 1 2 regional myocardial denervation.
